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Description 

The surgical treatment of hypertrophy of the 
prostate gland has been a routine procedure in the 
operating room for many years. One method of 
surgical treatment is open prostectomy whereby an 
incision is made to expose the enlarged prostate 
gland and the hypertrophied tissue is removed 
under direct vision. Another method, which has 
gained increasing usage in recent years, is tran- 
surethral resection. In this procedure, an instrument 
called a resectoscope is placed into the external 
opening of the urethra and an electrosurgical loop 
is used to carve away sections of the prostate 
gland from within the prostatic urethra under en- 
doscopic vision. For an interesting historical survey 
of prostate surgery see the book "Benign Prostatic 
Hypertrophy" edited by Frank Hinman, M.D. and 
particularly the chapter entitled "Prostectomy, Past 
and Present" by Geoffrey D. Chisholm, M.D. 

The technique of transurethral resection offers 
many benefits to the patient as compared to open 
prostectomy. Using this technique the trained urol- 
ogist can remove the hypertrophied prostate with 
less discomfort, a shorter hospital stay, and lower 
rates of mortality and morbidity. Over 333,000 pa- 
tients underwent this procedure in the United 
States in 1985, with an average length of stay in 
the hospital of six days. 

Notwithstanding the significant improvement in 
patient care resulting from the widespread applica- 
tion of transurethral resection, there remains a 
need for a less invasive method of treating the 
symptoms of prostate disease. Various complica- 
tions including impotence, incontinence, bleeding, 
infection, residual urethral obstruction, urethral 
stricture, and retrograde ejaculation may affect the 
patient following transurethral resection. A less in- 
vasive procedure which would reduce or eliminate 
the occurrence of these complications and reduce 
the hospital stay and resulting costs would be of 
significant value. 

One of the earliest applied methods of relieving 
the acute urinary retention symptomatic of prostate 
disease was the placement of a catheter through 
the external urethra opening into the bladder there- 
by allowing the outflow of urine from the bladder 
by way of the catheter lumen. These urinary cath- 
eters typically employ a balloon at the tip which, 
when inflated, prevent the expulsion of the catheter 
from the body. Although this method is effective in 
achieving urinary outflow, it is generally unaccep- 
table as a long term treatment due to problems of 
infection, interference with sexual activity, and 
maintenance and change of catheters. 

The use of dilating bougies and sounds for 
mechanical dilation of the prostatic urethra has 
been attempted without success in the treatment of 



prostatic hypertrophy. The fibrous tissue of the 
prostate gland rebounds after dilation, resulting in 
only a temporary reduction of urethral constriction. 
A method of treating prostate disease involving the 

5 application of balloon dilatation in a similar manner 
as in percutaneous transluminal angioplasty of arte- 
rial occlusions has been proposed in an article in 
the September 1984 issue of Radiology, page 655 
entitled "Prostatic Hyperplasia: Radiological Inter- 

10 vention" by H. Joachim Burhenne, M.D., et al. This 
method of prostate dilatation can be expected to 
have only a short term alleviation of urinary reten- 
tion as the fibrous and resilient hypertrophied pros- 
tate gland will in a relatively short period of time 

15 cause the constriction of the prostatic urethra to 
recur. Also in the angioplasty arts, Palmaz, et al. 
have described the percutaneous, sheathed inser- 
tion of an expandable endoprosthesis into various 
major arteries of dogs in the article "Expandable 

20 Intraluminal Graft: A Preliminary Study" in the July 
1985 issue of Radiology at page 73. 

In contrast to the failure of dilation means to 
achieve lasting relief of the symptoms of prostatic 
hyperplasia, the use of bougie, sound and balloon 

25 dilation has achieved moderate success in the 
treatment of urethral strictures and non-prostatic 
urethral strictures. See, for example, the abstract 
entitled "Self Intermittent Dilation Program via Co- 
axial Balloon Urethral Dilator" by J.D. Giesy, el al. 

30 published in the April 1985 issue of the Journal of 
Urology. The contrasting lack of success achieved 
by dilation in the prostatic urethra is believed to be 
a function of the differing etiology of the disease. 
Strictures in the urethra outside of the prostate 

35 region are generally due to pathology of the wall 
and lining of the urethra. Dilation of the urethral 
wall, in these strictures, causes an enlargement of 
the urethral lumen through deformation of the 
urethral wall and lining. In contrast, urethral 

40 stenosis resulting from prostatic hypertrophy, is a 
disease of the enlarged, fibrous, and resilient tissue 
of the prostate gland. Deformation of the urethral 
wall will have no lasting effect on relieving the 
stenosis as the cause of the stenosis is pressure 

45 exerted by the hypertrophied prostate gland which, 
due to its resilient fibrous structure and large bulk, 
will tend to rebound after temporary compression. 

It is important that a method for prostate dila- 
tion, in order to be effective, incorporate means of 

so maintaining the patency of the urethral lumen. 
Without such means, the patient would be subject 
to periodically repeated procedures in order to 
maintain urinary flow. 

We acknowledge that EP-A-01 83372 discloses 

55 a prosthetic stent for blood vessels, and in particu- 
lar concerns apparatus comprising: an axially elon- 
gate catheter shaft comprising at least one lumen 
therethrough; 
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an expandable balloon mounted on said shaft 
and in communication with said lumen; and 

a removably mounted, radially outwardly defor- 
mable and expandable tubular stent coaxially dis- 
posed about said balloon said stent having an 
opening at each axial end and a central lumen 
therethrough, wherein said stent is radially expand- 
able by deformation to a preselected configuration 
in response to pressure from said balloon. 

This apparatus is not appropriate for use within 
the urethra of a mammal because its insertion can 
cause damage. 

The expanded cross-sectional area of the stent 
is preferably sufficient to withstand the radial in- 
ward pressure of a hypertrophied prostate, and the 
stent in its expanded state has a fixed geometry, 
despite such pressure. 

FR-A-1602513 discloses a surgical dilator for 
the oesophagus, which provides an elongate, cylin- 
drical, expandable stent, comprising: 

a first end; 

a second end; 

a plurality of elongate members having a 
rounded non-rectangular cross section extending 
from said first end to said second end; and 

a plurality of nodes interconnecting adjacent 
members. The invention provides a stent of this 
general structure but characterized in the manner 
defined in Claim 1. This solves the problem of 
smooth insertion into the urethra. The invention 
may be used for relieving the urinary retention 
symptomatic of hypertrophy of the prostate gland; 
in use, this requires little or no hospitalisation, and 
is unattended by the adverse side effects asso- 
ciated with transurethral resection and other sur- 
gical techniques. 

Preferably, said nodes are arranged along the 
length of said adjacent members so that, progress- 
ing from said first end to said second end, each 
member is alternately connected to members on 
either side thereof, and wherein the cross-sectional 
area of each said member is non-uniform, such 
that, for at least one node along the length of each 
member, the cross-sectional area of said member 
is greater adjacent to said one node than at a point 
removed from said one node. This minimises the 
amount of prosthetic material used and maximises 
the stent's strength. In addition, the elongate mem- 
bers may have a rounded cross-sectional area to 
reduce the possibility of puncturing the expandable 
region of the catheter or damaging of the urethral 

The present invention also includes a method 
for making a catheter, as defined in Claim 6, and 
catheter apparatus as defined in Claim 9, in which 
the stent of the present invention is incorporated. 

In a preferred embodiment, the outer diameter 
of the end piece is substantially the same as the 



diameter of the exterior shaft. In another preferred 
embodiment, the method further comprises the 
step of inflating the balloon to test the balloon prior 
to placing the stent over the balloon. 
5 Further objects, features and advantages of the 

present invention will become apparent from the 
following detailed description of preferred embodi- 
ments given by way of example only, when consid- 
ered together with the attached drawings, of which: 
10 Figure 1 is a perspective view of an apparatus 
according to the present invention, with the tu- 
bular stent in an unexpanded state; 
Figure 2 is a schematic detail view of the distal 
end of an apparatus according to the present 
15 invention, with the tubular stent in an expanded 
state; 

Figure 3 is a cross-sectional view taken along 
the line 3-3 in Figure 2; 

Figure 4 is an enlarged, perspective view of the 
20 distal end of an apparatus in accordance with 
the present invention. 

Figure 5 is a perspective, sectional view of the 
distal end of an apparatus in accordance with 
the present invention. 
25 Figure 6 illustrates one embodiment of the side 
wall pattern of a tubular stent according to the 
present invention. 

Figure 7 is a cross-sectional view of a tubular 
stent of the present invention expanded to a 
30 configuration having a non-circular cross sec- 
tion. 

Figure 8 illustrates a modification of the side 
wall pattern illustrated in Figure 6. 
Figure 9 is a perspective view of another em- 
35 bodiment of an expansion catheter according to 
the present invention. 

Figure 10 is a detailed perspective view of the 

distal end of the apparatus in Figure 9. 

Figure 11 is an elevational, sectional view of the 

40 apparatus in Figure 10. 

Figure 12 is a perspective view of a removal 
apparatus according to the present invention. 
Figure 13 is a sectional view of the removal 
apparatus of Figure 12, engaging an expanded 

45 tubular stent. 

Figure 14 is a sectional view of the removal 
apparatus of Figure 13, following axial elonga- 
tion of the tubular stent. 

Figure 15 is a simplified schematic view of the 
so apparatus of the present invention shown in Fig- 
ure 1, with a generally convex balloon and cor- 
responding tubular stent illustrated in the ex- 
panded state. 

Figure 16 is a simplified sectional view of the 
55 region of the male pelvis showing the urethra, 
prostate gland and bladder. 
Figure 17 is the sectional view of Figure 16, 
illustrating an expanded stent of the present 
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invention within the prostatic urethra. 

Figure 18 is the sectional view of Figure 16, 

illustrating another embodiment of the expanded 

stent of the present invention within the prostatic 

urethra. 

Figure 19 is a perspective view of a tubular 

stent in an unexpanded state. 

Figure 20 is a sectional view of the distal end of 

a catheter with a stent and end piece. 

Figure 21 is a flattened projection of a portion of 

the wall of a stent. 

Figure 22 is a sectional view taken along the line 
22-22 in Figure 21. 

Figure 23 is another sectional view taken along 
the line 22-22 in Figure 22. 

Detailed Description of Preferred Embodiments 

Expansion Catheter of Figures 1-5 and 20 

Referring to Figures 1-5 there is illustrated an 
expansion catheter 1 according to the present in- 
vention, which is this embodiment comprises a 
balloon catheter, having an axially elongate, cath- 
eter shaft 2. The proximal, control end of the cath- 
eter 1 may be equipped as would be the control 
end of known angioplasty balloon catheters such as 
that disclosed in U.S. Patent No. 4,573,470 to Sam- 
son, et al. The embodiment of the present inven- 
tion illustrated in Figure 1 has an inflation port 3 
and optimally a distinct vent port 4, each in fluid 
communication, respectively, with an inflation 
lumen 5 and vent lumen 6 (illustrated in Figure 3) 
extending axially through the catheter. Inflation 
lumen 5 is in fluid communication at the distal end 
thereof with the interior 7 of an expandable balloon 
8 by means of at least one inflation duct 9 through 
the wall 10 of the catheter proximal lumen 5 and 
adjacent the interior surface of balloon 8. Similarly, 
vent lumen 6 is in fluid communication with the 
interior 7 of balloon 8 by means of at least one 
vent duct 11, proximal to inflation duct 9. At the 
commencement of filling the balloon, any air in the 
lumen 5, 6 or in the interior 7 of balloon 8 will be 
chased out of vent port 4, which may then be 
sealed by a stopcock or other means (not illus- 
trated). 

A third lumen 12 may be provided for receiving 
a radiopaque dye introduced by way of dye port 14 
at the proximal end thereof. A guidewire 13 may 
also be inserted through dye port 14 and lumen 12. 

Near the distal, functional end of the catheter, a 
region 10 of the catheter shaft 2 is reduced in 
diameter to provide an annular depression 15 de- 
fined axially by a proximal annular shoulder 16 and 
a distal annular shoulder 17 on catheter shaft 2. 
The axial length of the annular depression prefer- 
ably corresponds to the desired length of a stent 



18 to be inserted in a given application. Referring 
to Figure 3, there is disposed concentrically about 
the reduced catheter wall 10 and at the radially 
inward most region of the annular depression 15, 

5 annular inflatable balloon 8 in fluid communication 
with said inflation lumen 5 by way of duct 9. An 
expandable, tubular stent 18 having a central 
lumen 19 therethrough (illustrated in Figure 7), dis- 
cussed infra , is coaxially disposed about the bal- 

10 loon 8. 

The expansion catheter 1 of the present inven- 
tion is designed so that the outer, substantially 
cylindrical profile of the catheter is uninterrupted by 
the presence of the expandable stent 18, in its 

75 unexpanded state. Accordingly, in the case of a 
balloon catheter, the outer diameter of the col- 
lapsed balloon 8 is smaller than the outer diameter 
of shoulders 16, 17 of the adjacent catheter shaft 2, 
so that the collapsed balloon 8 only partially fills 

20 the annular depression 15 formed between the 
annular shoulders 16 and 17, in the radial direction. 
The unexpanded stent 18 is disposed coaxially 
about balloon 8 and between shoulders 16 and 17 
such that the stent 18 and adjacent catheter shaft 2 

25 comprise a substantially cylindrical configuration. 
This configuration enables insertion of the appara- 
tus without the need for a sheath. 

The material of the balloon 8 is in the form of a 
tubular sleeve which extends the length of the 

30 catheter 1 and is adhered to the wall of the cath- 
eter shaft 2 proximal to shoulder 16 and distal to 
shoulder 17 but not in the region 15 where it forms 
balloon 8 and is permitted to expand. 

Introduction of pressurized fluid into the interior 

35 7 of balloon 8 by way of inflation lumen 5 causes 
radial expansion of the balloon 8, which in turn 
causes a radial expansion of the stent 18 disposed 
concentrically therearound. Once expanded by in- 
flating the balloon 8, the inner diameter of the 

40 central lumen 19 through expanded stent 18 is 
greater than the outer diameter of the catheter 
shaft 2 in the region between the annular depres- 
sion 15 and the distal end of the catheter 1, includ- 
ing shoulder 17. Thus, following deflation of the 

45 balloon 8, the catheter 1 may be withdrawn through 
the central lumen 19 of stent 18 leaving the ex- 
panded stent 18 in place within the prostatic ure- 
thra, as will be detailed infra in connection with the 
method of the present invention. 

so The outer diameter of the catheter is preferably 

minimized, to facilitate insertion and to avoid side 
effects and complications resulting from stretching 
of the urethra. There may be provided in accor- 
dance with the present invention a graduated set of 

55 graft-catheter systems with different sizes to suit 
individual patient requirements. 

The catheter may be provided with a flexible, 
resilient catheter tip 20 at the distal end thereof. 
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The tip 20 is preferably formed with a tapered or 
rounded configuration to minimize damage to the 
urethral lining and further to ease in insertion of the 
catheter into the collapsed lumen of the urethra. 

Referring to Figure 20, the catheter tip 20 is 
comprised of an end piece 70 which has an outer 
diameter at least as great as the outer diameter of 
the stent 18, and preferably has a diameter that is 
the same as or greater than the exterior shaft 72. It 
is preferable that the end piece 70 has an outer 
diameter substantially the same as the outer diam- 
eter of the exterior shaft. As in the catheter tip 20, 
the end piece 70 may advantageously be made of 
flexible, resilient material and is preferably formed 
with a tapered or rounded configuration. The end 
piece 70 is removably attached to the distal end of 
the catheter 1 and preferably terminates distally 
with interior shaft 2. As indicated in Figure 20, the 
end piece 70 may be attached about balloon 8. 
End piece 70 acts to securely fasten stent 18 about 
balloon 8. 

Because end piece 70 is not integrally a part of 
interior shaft 2, but is attached thereto during the 
construction process, an improved method of con- 
structing catheter 1 is provided. One places an 
exterior shaft 72 over the interior shaft 2, the ex- 
terior shaft 72 having an interior diameter about the 
same as the outer diameter of the interior shaft 2. 
The exterior shaft 72 is formed to terminate proxi- 
mally of the distal end of catheter 1 , so that interior 
shaft 2 extends distally of the exterior shaft 72. 
Then balloon 8 is attached to catheter 1 so that it 
covers the distal-most portion of exterior shaft 72, 
or is at least adjacent to or abuts against and also 
covers a portion of the interior shaft 2 which ex- 
tends distally beyond exterior shaft 72. The distal 
end of the balloon 8 is bonded to the interior shaft 
2. Next, one places stent 18 over the balloon 8, 
and finally attaches the end piece 70 to prevent the 
stent 18 from sliding distally. The distal end of the 
exterior shaft 72 similarly prevents the stent 18 
from sliding proximally. 

The improved method also preferably com- 
prises testing the balloon 8 prior to placing the 
stent 18 over the balloon 8. Once it is determined 
that the balloon 8 is capable of withstanding a 
predetermined internal pressure, it is deflated and 
then the stent 18 is positioned about the balloon 8. 
Finally, the end piece 72 is secured over the ex- 
tending portion of the interior shaft 2 and preferably 
also over the distal-most portion of the balloon 8. 

Expansion Catheter of Figures 9-1 1 

In this embodiment, there is provided an elon- 
gate catheter shaft 2 having an elastic sheath 21 
disposed therearound. The shaft comprises an 
elongate sleeve 22 having a female thread 23 on 



the interior thereof. Rotatably positioned within the 
sleeve 22 is an elongate shaft 24 having a male 
thread 25 for engaging the female thread 23 on 
sleeve 22. The threaded region, illustrated in Figure 

5 11 near the distal ends of shaft 24 and sleeve 22, 
extends in an axial direction for a sufficient dis- 
tance to permit the expansion member 32 to be 
fully drawn into the conical space 34 as will be- 
come apparent. In the illustrated embodiment, a 

10 first knob 26 is rigidly secured to the proximal end 
of shaft 24, and a second knob 27 is secured to the 
proximal end of sleeve 22. 

A plurality of axially oriented floating segments 
or tines 28 are movably disposed distal to the end 

15 of sleeve 22. The exterior surfaces 29 of the tines 
28 are held in place by the elastic sheath 21 and 
cooperate to form a generally cylindrical exterior 
profile, for receiving an unexpanded tubular stent 
18. The radial thickness of the tines 28 tapers from 

20 the thickest dimension near the proximal end 30 of 
tine 28 to the thinnest dimension near the distal 
end 31 of tine 28, thereby defining a roughly cone- 
shaped interior space 34. 

A cone-shaped expansion member 32 is at- 

25 tached by its pointed end of elongate shaft 24. 
Rotation of knob 26 in a first direction relative to 
knob 27 draws elongate shaft 24 axially in a proxi- 
mal direction, moving expansion member 32 into 
the cone-shaped space 34 formed by the tines 28. 

30 Further rotation of knob 26 in a first direction rela- 
tive to knob 27 results in expansion member 32 
effecting a radial outward expansion of tines 28, 
which in turn causes a radial outward expansion of 
the expandable stent 18. Rotating the knob 26 in 

35 the reverse relative direction causes expansion 
member 32 to back out of space 34. The resilient 
nature of the elastic sheath 21 causes tines 28 to 
return back to their unexpanded configuration, 
when permitted by movement of member 32 in a 

40 distal direction. The tubular elastic sheath 21 ex- 
tends beyond the end of expansion member 32 at 
which point it merges with an integrally formed 
blunt end 33. As illustrated in Figure 11, the outer 
diameter of blunt end 33 and of the sheath 21 

45 proximal to stent 18 are slightly enlarged so that 
the exterior configuration of the expansion catheter, 
with the stent mounted thereon is substantially uni- 
form and generally smooth along its axial length. 

so Stent Removal Apparatus 

Referring to Figures 12 - 14, apparatus for 
removing a previously positioned and expanded 
stent, under direct endoscopic vision, comprises a 
55 catheter shaft 35, having proximal and distal attach- 
ment means 36 and 37 attached thereto and adapt- 
ed to engage the corresponding proximal and distal 
ends 38 and 39 of the implanted stent. The attach- 
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ment means are capable of movement, relative to 
each other, along the axial direction of the removal 
instrument. 

In the illustrated embodiment, the proximal at- 
tachment means 36 comprises a plurality of tines 
40, inclined in the proximal direction and mounted 
to a sleeve 41 which extends the length of the 
catheter shaft 35. A first knob 42 is secured to the 
proximal end of sleeve 41, in proximity with a 
second knob 43 attached to the proximal end of an 
elongate shaft 44 which extends through sleeve 41. 
The interior surface of sleeve 41 may be provided 
with a female thread for engaging a male thread on 
the shaft 44, in the manner illustrated in Figure 1 1 , 
illustrating an expansion catheter of the present 
invention. The important relationships that the shaft 
44 is capable of reciprocating movement within the 
sleeve 41 , as will become apparent. 

The distal attachment means 37 comprises a 
ring 45 which is rotatably attached near the distal 
end of shaft 44 by engaging an annular groove on 
said shaft 44 or other conventional means. A plural- 
ity of tines 46 are attached to the ring 45, said 
tines 46 radiating outward and inclined in a distal 
direction. 

An outer sheath 47 is slidably mounted on the 
outside of sleeve 41. The interior lumen of sheath 
47 is flared at the distal end 48 thereof so that the 
sheath 47 may be slid down over tines 40, causing 
them to resiliently bend radially inwardly yet re- 
main inclined in the proximal direction. To help 
ensure that the tines 40 are not bent towards the 
distal direction by the sheath 47, the outer surface 
of tines 40 may be provided with a rounded edge 
49. The mechanical features of the removal instru- 
ment will be made more clear by reference to the 
discussion of the method of removing an implanted 
stent, infra . 

Expandable Tubular Stent 

Referring to Figure 4, there is illustrated a 
radially expandable tubular stent 18 according to 
the present invention, the stent being illustrated in 
its unexpanded, substantially cylindrical configura- 
tion and mounted on a balloon catheter. The wall 
thickness of the stent is advantageously from about 
0,0076 (0.0003) to about 1,52 mm (0.06 inches), 
preferably is from about 0,13 (0.005) to about 0,64 
mm (0.025 inches), and more preferably is from 
about 0,20 (0.008) to about 0,30 mm (0.012 
inches). The wall of the stent is formed with a 
plurality of passages therethrough, as best illus- 
trated in Figures 6, 7 and 8, which depict wall 
patterns as they might appear if the wall of the 
stent 18 were rolled out flat. In Figure 6, a first 
plurality of parallel filaments 50 are aligned at a 
diagonal to a second plurality of parallel filaments 



51, all formed from a single piece of material to 
yield a diamond a pattern having a plurality of 
diamond shaped openings 52 therethrough. This 
configuration of the filaments 50 and 51 permits 

5 radial outward deformation of the tubular stent 18 
in response to a radial outward force exerted by 
the expansion catheter 1 of the present invention. 
Construction of the stent from a malleable, biologi- 
cally compatible metal such as titanium, or other 

10 materials discussed infra permits the stent 18 to 
hold its expanded configuration under stress ex- 
erted by, for example, a hypertrophied prostate 
gland, thereby maintaining patency in an otherwise 
stenotic or occluded lumen. In addition, orientation 

75 of filaments 50 and 51 is such that forces exerted 
upon the axial ends 38, 39 of an expanded tubular 
stent 18 in opposite axial directions will effect an 
axial elongation of the stent 18 and a consequent 
reduction in the diameter thereof. 

20 A variation of the wall pattern of Figure 6 is 

illustrated in Figure 8, wherein the roughly diamond 
shaped openings become smaller near the axial 
ends of the stent 18. This configuration facilitates 
greater expansion in the central region 64 thereof, 

25 and. like the pattern in Figure 6, permits the ex- 
panded stent 18 to be reduced in diameter by 
applying an axially elongating force thereto. 

The ratio of solid wall area to the total area of 
the opening therethrough is relatively low. This 

30 minimizes contact area between the material of the 
stent and the lining of the lumen, may improve the 
expansion characteristics of the stent, and mini- 
mizes interference with vessels entering the ureth- 
ral lumen from the side, such as the prostatic 

35 ducts, and the terminal portion of the ductus de- 
ferens, which transverses the prostate to empty 
into the urethra. In addition, the transverse open- 
ings through the wall of the stent may promote 
tissue ingrowth thereby minimizing encrustation of 

40 the filament portions 50 and 51, of the stent by 
dissolved minerals, reducing the risk of migration 
of the stent in the direction of the bladder. 

Optimally, the wall thickness of any given stent 
will be substantially uniform throughout, however, 

45 in one embodiment of the present invention, the 
wall is thinner in the central region 64. The thick- 
ness of the stent wall as measured in the radial 
direction may be different in different stents in 
order to permit a greater or lesser area of trans- 

50 verse openings therethrough, while maintaining 
structural integrity of the stent. It is important that 
the stent 18 be capable of withstanding the con- 
stant radially inward directed force exerted by a 
hypertrophied prostate gland. 

55 The axial length of the stent 18 should be 

sufficient that pressure exerted by the hyper- 
trophied prostate cannot cause stenosis of the 
lumen beyond the axial ends thereof. The length of 
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the stent will often be from about 1 cm to about 4 
cm, depending upon the location and extent of the 
hypertrophy or hyperplasia, is preferably from 
about 1.5 to about 3.0 cm in length and most 
preferably is about 2.4 cm in length, which is the 
average approximate length of the prostatic urethra. 

Preferably the stent of the present invention 
will be made using a biocompatible material, either 
throughout, or in the form of a coating over the 
stent, which will improve its compatibility with the 
physiological and chemical environment within the 
urethral lumen. For example, the stent will be ex- 
posed to urine having a pH in the range of from 
about 4.5 to 8, a relatively wide variation compared 
to other body fluids such as blood, which generally 
has a pH of about 7.4. The coating may be a 
plastic or polymeric material, such as a 
fluoropolymer, for example polytetrafluoroethylene, 
or preferably silicone rubber. Alternatively, the 
coating may be isotropic carbon, and the surface of 
the stent may be either smooth or microporous in 
nature. It is believed that a smooth surface is 
desirable because irregularities in the surface may 
provide sites for precipitation of salts due to the 
relatively high osmolality of urine. A sufficiently 
smooth surface would thus minimize encrustation 
of the stent. A surfactant or chelating agent may 
advantageously be affixed to the surface of the 
stent, for further reducing encrustation thereof. 

The maximum expanded diameter of the stent 
18 will likely be within the range of from about 10 
mm to about 14 mm or greater. This range refers 
to the largest cross-sectional dimension in the case 
of stents which are enlarged to a configuration 
having a non-circular cross section or a non-cylin- 
drical profile. Depending upon its construction ma- 
terial and physical design, a given stent may be 
expanded within an optimal range, which may be 
less than the overall ranges indicated above. 

The stent 18 of the present invention may be 
expanded from a first, unexpanded configuration to 
a second, expanded state having a substantially 
uniform cross section throughout the axial length 
thereof, or to a configuration having a greater 
cross-sectional area in the central region than in 
the regions near the axial ends thereof. This latter 
configuration is achieved, for example, by a me- 
chanical design of the stent 18 which permits 
greater expansion in the central region, such as by 
slotting with greater frequency in the case of a 
malleable metal stent, or by choice of a material for 
the central region of the stent having greater ex- 
pansion abilities than a different material incor- 
porated into the axial end regions 38 and 39. For 
example, the sidewall pattern illustrated in Figure 8 
would permit greater radial expansion near the 
center than at the axial ends. Alternatively, gradu- 
ated wall thicknesses on a stent of uniform com- 



position could be employed. Preferably, however, 
the configuration of the expanded stent 18 cor- 
responds to the expanded shape of the balloon 8 
used to accomplish its expansion. Thus, the cath- 

5 eter 1 of the present invention may be provided 
with balloons 8 having a variety of fully inflated 
profiles, for example, cylindrical, concave, convex 
or frusto-conical, to suit any of a variety of clinical 
indications. Figures 15 and 18, for example, illus- 

10 trates a stent that has been expanded by a balloon 
having a convex profile. 

In the embodiment illustrated in Figures 15 and 
18, migration of the stent 18 is minimized due to 
the restrictive forces caused by the normal tissue 

15 in the area of the bladder neck. The enlarged 
midsection 64 of the stent 18 would be unable to 
pass through the restricted neck of the bladder 
because any forces tending to cause migration 
would generally be insufficient to force a stent of 

20 this configuration axially through the urethra. For 
similar reasons, migration of the stent away from 
the bladder would also be minimized. 

In addition, the stent is advantageously ex- 
panded to have an oval or otherwise non-circular 

25 cross-sectional area, such that as illustrated in Fig- 
ure 7. The stent is advantageously expanded to 
have a configuration which closely approximates 
the cross-sectional shape of the native prostatic 
urethra, and may permit normal contractions of the 

30 prostate gland. 

According to another embodiment of the stent 
18 of the present invention, the axial and regions 
38, 39 of the stent 18 are softer or more flexible 
than the region in the center of the stent 1 8 there- 

35 by allowing a smooth transition from the lumen 19 
of the stent 18 to the lumen of the urethra. The 
axial and regions 38, 39 of the stent may be 
formed with a gradual taper in a radial inward 
direction, thereby reducing the risk of stress and 

40 irritation, and possibly even kinking of the urethral 
lining at the graft-urethra lumen juncture. 

Referring to Figure 16, there is illustrated in 
simplified form a sectional view of the male pelvic 
region, showing the bladder 59, an enlarged or 

45 hypertrophied prostate gland 60 causing a stenosis 
61 of the prostatic urethra 62. Thus, the interior 
diameter of the prostatic urethra 62 has become 
smaller than the interior diameter of the non-pros- 
tatic urethra 63. 

50 Referring next to Figure 17, there is illustrated 

an expanded stent 18 within the prostatic urethra 
62, having a substantially uniform cross section 
throughout the midsection 64 thereof, and a radially 
inwardly directed taper near the axial ends 38 and 

55 39. The expanded state diameter of the stent 18 is 
slightly exaggerated for illustration. Referring to 
Figure 18, there is illustrated an expanded stent 18 
in position within the prostatic urethra 62, having a 
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generally convex exterior configuration throughout 
its axial length. In this latter preferred inflated state 
configuration, the resilient force exerted by the 
prostate gland 60 acts in cooperation with the gen- 
erally convex stent 18 to minimize the likelihood of 
migration of stent 18 into the interior of bladder 59, 
or into the urethra 63 downstream of the prostatic 
urethra 62. 

A malleable metal stent according to the 
present invention, comprising, for example, 
titanium, may be manufactured by first machining 
titanium tube or sheet stock to the desired wall 
thickness, generally in the range of from about 0,10 
(0.004) to about 1,27 mm (0.05 inches), and then 
cutting or etching the wall pattern thereon, such as 
one of those patterns illustrated in Figures 6 or 8. 
The cutting may advantageously be accomplished 
using conventional electron discharge machining 
equipment. Tube stock may be cut on a revolving 
mandrel, whereas sheet stock may be cut in sheet 
form and subsequently rolled into tubular form, 
welded and polished. 

Figures 19-23 disclose a preferred embodiment 
of the expandable tubular stent 18. In Figures 19 
and 21, filaments 50 and 51 are now of substan- 
tially parallel elongate members 80 and connecting 
nodes 82, 84, and 86. As more clearly shown in 
Figure 21 , nodes 82 are located at the axial ends of 
stent 18 and are referred to herein as terminal 
nodes. Nodes 84 are those which are immediately 
adjacent to terminal nodes 82 and are referred to 
herein as secondary nodes. All other nodes not 
either terminal or secondary nodes are referred to 
herein as interior nodes 86. 

In a preferred embodiment, interior nodes 86 
are arranged along the length of elongate members 
80 so that, progressing from one end of stent 18 to 
the other along its concentric axis, elongate mem- 
ber 80 is connected alternately to other elongate 
members 80 on either side of it. To maximize the 
strength of stent 18 and simultaneously minimize 
the amount of prosthetic material used in construct- 
ing stent 18, elongate members 80 have non- 
uniform cross sections. For example, because 
bending forces are less at points 88 midway be- 
tween interior nodes 86, it is preferred that a small- 
er cross-sectional area be found at point 88 (mid- 
way between nodes) as compared to a point adja- 
cent to interior node 86. However, the elongate 
member 80 may not become so thin at point 88 so 
as to bend there instead of at points adjacent to 
the interior node 86. Similarly, a greater cross- 
sectional area of elongate member 80 preferably 
should be used at point 90 adjacent to secondary 
node 84 on the terminal side because it is here that 
greater bending forces are experienced. It is pref- 
erable that the material at point 90 be of sufficient 
thickness and cross-sectional area amount that 



elongate member 80 between terminal node 82 
and secondary node 84 is capable of withstanding 
radial compression to an increased degree, prefer- 
ably to substantially the same degree as elongate 
5 member 80 at points between interior nodes 86. 
The non-uniform thicknesses of elongate members 
80 has been exaggerated in Figure 21 for illustra- 
tion. 

Figures 22 and 23 show two preferred cross 

10 sections of elongate member 80. In preferred em- 
bodiments, elongate member 80 has a rounded 
non-rectangular cross section so that the possibility 
of damaging the urethral lining or puncturing the 
balloon 8 is minimized. 

15 The cross section shown in Figure 23 is round- 

ed primarily on its exterior surface, so that it as- 
sumes a "D"-shaped configuration. The cross sec- 
tion shown in Figure 22, on the other hand, is 
rounded on both its interior and exterior edges, so 

20 that it assumes an oval or circular cross section. 

The edges of the elongate members of the 
stent 18 may be rounded by any appropriate 
means. However, it is believed that extrusion hon- 
ing, where an abrasive slurry is directed against the 

25 edge to be rounded, is a particularly appropriate 
technique. 

Method of Placement and Dilation of Expandable 
Tubular Stent 

30 

A dilation means 1 having a suitable expand- 
able stent 18 associated therewith is selected and 
then transurethrally positioned within the prostatic 
urethra 62 by way of the external opening 65 of the 

35 urethra 63. The positioning step may advanta- 
geously be accompanied by or preceded by the 
introduction of a radiopaque dye through dye port 
14, from which it will be conducted via lumen 12 
through the catheter 1 to the area of stenosis 61 , to 

40 enable visualization thereof. The positioning step 
may also advantageously be preceded by coating 
the catheter 1 and stent 18 disposed thereon with a 
water soluble surgical jelly or other lubricant, such 
as Surgilube®, a sterile, bacterio-static surgical lu- 

45 bricant, available from E. Fougera & Co., Melville, 
New York. Positioning may also be accomplished 
with the use of a guidewire 13, in accordance with 
known catheterization techniques. 

With the balloon catheter 1 in position, a pres- 

50 surized fluid is introduced into inflation port 3 
which, by way of lumen 5 and inflation duct 9 
enters the balloon 8. Vent port 4 may be vented 
until all air has been purged, at which time it is 
sealed by closing a stopcock or other conventional 

55 means. Inflation of the balloon 8 causes radial 
expansion of the expandable stent 18 and also 
dilation of the surrounding lumen against the pres- 
sure exerted by the hypertrophied prostate gland 
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60. The radially expandable stent 18 is advanta- 
geously dilated sufficiently that the inside diameter 
of the lumen 19 therethrough exceeds the outer 
diameter of the region of the catheter between the 
annular depression 15 adapted to receive the un- 
dilated stent 18 and the distal tip 20 of the catheter 
1, so that the catheter 1 may be withdrawn through 
the lumen 19 of the expanded stent 18 leaving said 
stent 18 in place within the prostatic urethra. 

By varying the configuration of the balloon 8 in 
the case of a balloon catheter, as previously dis- 
cussed, the stent 18 may be expanded to a final 
shape having a substantially circular cross section, 
or a cross section that more closely adheres to the 
natural configuration of the normal lumen inside the 
urethra. 

Following dilation of the intraluminal stent 18, 
the dilating catheter 1 may be reduced in diameter 
by exhausting the pressurizing fluid under any con- 
tractile force of the balloon 8 and then evacuating 
the contents of the balloon 8 by way of inflation 
port 3. The apparatus may then be withdrawn 
through the lumen 19 of stent 18, leaving the 
expanded stent 18 in place within the prostatic 
urethra 62, illustrated in Figures 17 and 18. 

Method for Subsequent Dilation of Expandable Tu- 
bular Stent 

The apparatus 1 may at a later time be reinser- 
ted, via the external opening 65 of the urethra 63, 
should it become necessary to further increase the 
diameter of the stent 18 within urethral lumen 62 or 
to redilate the expandable stent 18. According to 
this aspect of the process of the present invention, 
a previously positioned and dilated stent 18 is 
fluoroscopically visualized in accordance with 
known techniques. An appropriate catheter 1 hav- 
ing a balloon 8 with the desired inflated state 
configuration is selected, transurethral^ inserted as 
discussed supra , and positioned with the deflated 
balloon 8 coaxially disposed within the preposition- 
ed, expanded stent 18. For this purpose, the cath- 
eter 1 may be provided with one or more radiopaq- 
ue markers 66 for visualization of the location of 
the balloon 8. The balloon 8 is then inflated, re- 
expanding, further expanding, or altering the con- 
figuration of the stent 18. Thereafter, the balloon 8 
may be deflated, and the catheter 1 is withdrawn, 
leaving the re-expanded stent 18 within the pros- 
tatic urethra 62. 

Method for Removal of Expanded Tubular Stent 

A prepositioned stent 18 may be removed 
through the use of a removal instrument equipped 
such as that illustrated in Figure 12 with attachment 
means 36 and 37, described supra , and adapted 



for insertion through the operating channel of a 
urethroscope or cystoscope. The urethroscope is 
tran s urethral I y inserted, by way of the external 
opening 65 of the urethra 63, and positioned such 

5 that the previously positioned stent 18 may be 
directly visually observed. Under direct observa- 
tion, the removal instrument is positioned coaxially 
within the prepositioned stent 18 by way of the 
operating channel of the urethroscope. During this 

m positioning step, the sheath 47 is slid axially in a 
distal direction to cover distal attachment means 
37. When both attachment means 36 and 37 are 
positioned within the lumen 19 of an expanded 
stent 18, the sheath 47 is axially retracted, expos- 

15 ing said attachment means 36 and 37. The tines 40 
and 46 resiliently bend in a radial outward direction 
in the absence of sheath 47, until they reach ap- 
proximately a diagonal as illustrated in Figure 13. 
As shaft 44 is axially extended, e.g., by rotating 

20 knob 43 while knob 42 is held stationary, the proxi- 
mal tines 40 will engage the proximal end 38 of the 
stent 18 by extending through the openings 52 or 
58 illustrated in Figures 6 and 7. In a similar 
manner, the distal attachment means 37 is caused 

25 to engage the distal end 39 of the stent 18. The 
attachment means are thereafter moved further 
apart in an axial direction, causing an axial elonga- 
tion of the implanted stent 18. Due to the configu- 
ration of the side wall of the stent 18, a reduction in 

30 the radius of the stent 18 results. Once sufficiently 
reduced in diameter, the sheath 47 is slid distally 
to cover both attachment means 36 and 37, having 
the radially reduced stent 18 attached there- 
between. The urethroscope and the removal instru- 

35 ment, having the elongated stent 18 still engaged, 
may thereafter be transurethral^ withdrawn. 

Alternatively, the stent removal apparatus may 
include only a portion of the structure illustrated in 
Figures 12-14. Specifically, the apparatus may 

40 have only a proximal attachment means 36, which 
can be any suitable structure for grasping the 
proximal end of an expanded stent 18 which has 
been implanted by radial deformation thereof. The 
tines, projections, grasping members, or other suit- 
es able attachment structure of the proximal attach- 
ment means is adapted to extend out from the 
outer sheath 47, expand out to grasp the proximal 
end of the stent 18, contract radially and withdraw 
back into the outer sheath, and draw the stent 18 

so into the interior lumen of the distal end 48 of the 
sheath 47. Because the lumen is of a smaller 
diameter than the expanded stent (except for the 
contracted proximal end of the stent 18, which has 
already been drawn into the lumen), axial force 

55 exerted on the proximal end of the stent 18 forces 
the indrawn stent 18 to lengthen, and forces the 
expanded portion of the stent 18 to radially con- 
tract as it is drawn inside the sheath 47. 
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Claims 

1. An elongate, cylindrical, expandable stent (18), 
comprising: 

a first end; 
a second end; 

a plurality of elongate members having a 
rounded non-rectangular cross section extend- 
ing from said first end to said second end; and 

a plurality of nodes interconnecting adja- 
cent members; 

characterised in that said elongate mem- 
bers and said nodes are integrally formed from 
a single piece of material and said stent exhib- 
its a generally smooth outer profile. 

2. An elongate, cylindrical expandable stent ac- 
cording to Claim 1, wherein said nodes (84,86, 
Fig. 19) are arranged along the length of said 
adjacent members (80) so that, progressing 
from said first end to said second end, each 
member is alternately connected to members 
on either side thereof, and wherein the cross- 
sectional area of each said member is non- 
uniform, such that, for at least one node along 
the length of each member, the cross-sectional 
area of said member is greater adjacent to 
said one node than at a point removed from 
said one node. 

3. The stent of Claim 1 or 2, wherein said mem- 
bers (80) are generally parallel to each other. 

4. The stent of Claim 1 or 2, wherein each mem- 
ber is connected to adjacent members at at 
least four nodes arranged along the length of 
each member, and wherein said nodes com- 
prise terminal nodes located at said first end 
and at said second end, secondary nodes ad- 
jacent to said terminal nodes, and interior 
nodes between said secondary nodes, wherein 
the cross sectional area of said members 
where they connect to said secondary nodes is 
greater on the terminal side of said secondary 
nodes than on the interior side of said secon- 
dary nodes. 

5. The stent of Claim 1, wherein the said mem- 
bers are nonrectangular and rounded in cross 
section. 

6. A method for making a catheter (2) having an 
expandable balloon (8) positioned in a recess 
(15) at the distal end thereof, comprising the 

steps of: 

providing a catheter (2) comprising an inte- 
rior shaft and a concentric exterior shaft over 
said interior shaft, said exterior shaft having an 



outer diameter that is greater than the outer 
diameter of said interior shaft, wherein said 
exterior shaft terminates proximally of the dis- 
tal end of said catheter and the interior shaft 

5 extends distally of the distal end of said ex- 

terior shaft; 

attaching an inflatable balloon (8) to said 
catheter so that the balloon is over the extend- 
ing portion of said interior shaft and the distal 

m end of said balloon is bonded to said interior 

shaft, and so that a distal-most portion of said 
interior shaft extends distally of said balloon; 

placing an expandable tubular stent as de- 
fined in Claim 1 over said balloon; and 

15 attaching an end piece over said distal- 

most portion of said interior shaft to retain said 
stent over said balloon, wherein said end piece 
has an outer diameter at least as great as the 
outer diameter of said stent. 

20 

7. The method of Claim 6, wherein the outer 
diameter of said end piece is substantially the 
same as the diameter of said exterior shaft. 

25 8. The method of Claim 7, further comprising the 
step of inflating said balloon to test said bal- 
loon prior to placing said stent over said bal- 
loon. 

30 9. An apparatus comprising: 

an axially elongate catheter shaft (2) com- 
prising at least one lumen (5) therethrough; 

an expandable balloon (8) mounted on 
said shaft (2) and in communication with said 

35 lumen (5); and 

a removably mounted, radially outwardly 
deformable and expandable tubular stent (18) 
in accordance with any of Claims 1 to 8, co- 
axially disposed about said balloon (8) said 

40 stent having an opening at each axial end and 

a central lumen therethrough, wherein said 
stent is radially expandable by deformation to 
a preselected configuration in response to 
pressure from said balloon, characterised in 

45 that the apparatus is for relieving the symp- 

toms of hypertrophy of the prostate gland with- 
in the urethra of a mammal, and in that the 
catheter shaft (2) has an annular recess (15) 
thereon receiving the stent (18), the recess 

so being defined axially at its distal end by a 

distal annular shoulder (18) whose outer diam- 
eter is at least as great as the outside diameter 
of said stent (18) in its unexpanded state, so 
that said stent (18) does not extend radially 

55 beyond the outer circumference of said distal 

annular shoulder (18), thereby protecting the 
lining of the urethra from damage due to slid- 
ing contact with said stent when said apparatus 

10 
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is inserted into the urethra in use. 
Patentanspriiche 



3. Stutzkorper nach Anspruch 1 Oder 2, bei dem 
die Glieder (80) im wesentlichen parallel zuein- 
ander sind. 

4. Stutzkorper nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daG jedes Glied mit 
benachbarten Gliedern an wenigstens vier 
Knoten verbunden ist, die langs der Lange 
jedes Glieds angeordnet sind, und daG die 
Knoten Endknoten aufweisen, die an dem er- 
sten Ende und an dem zweiten Ende angeord- 
net sind, sekundare Knoten benachbart zu den 
Endknoten und innere Knoten zwischen den 
sekundaren Knoten, wobei der Querschnittsbe- 
reich der Glieder dort, wo sie mit den sekun- 
daren Knotn verbunden sind, an der Endseite 
der sekundaren Knoten groGer ist als an der 
Innenseite der sekundaren Knoten. 

5. Stutzkorper nach Anspruch 1, bei dem die 
Glieder nicht rechteckig und im Querschnitt 
abgerundet sind. 



6. Verfahren zum Herstellen eines Katheters (2), 
der einen aufweitbaren Ballon (8) hat, der in 
einer Ausnehmung (15) am distalen Ende des 
Katheters angeordnet ist, mit folgenden Schrit- 
ten: 

- Vorsehen eines Katheters (2) mit einem 
inneren Schaft und einem konzentrischen 
auGeren Schaft uber dem inneren Schaft, 
wobei der auGere Schaft einen auGeren 
Durchmesser hat, der groGer ist als der 
auGere Durchmesser des inneren 
Schafts, wobei der auGere Schaft proxi- 
mal zu dem distalen Ende des Katheters 
endet und der innere Schaft sich distal 
zu dem distalen Ende des auGeren 
Schaftes erstreckt, 

- Anbringen eines aufweitbaren Ballons (8) 
an dem Katheter, so daG der Ballon sich 
uber dem erstreckenden Abschnitt des 
inneren Schafts befindet und das distale 
Ende des Ballons an dem inneren Schaft 
befestigt ist, und so daB der sich am 
weitesten distal erstreckende Abschnitt 
des inneren Schafts sich distal zu dem 
Ballon erstreckt, 

- Anbringen eines aufweitbaren rohrformi- 
gen Stutzkorpers nach Anspruch 1 uber 
dem Ballon, und 

- Befestigen eines Endstucks uber dem 
sich am weitesten distal erstreckenden 
Abschnitt des inneren Schafts, um den 
Stutzkorper liber dem Ballon zu halten, 
wobei das Endstlick einen auBeren 
Durchmesser hat, der wenigstens so 
groB ist, wie der auGere Durchmesser 
des Stutzkorpers. 

7. Verfahren nach Anspruch 6, bei dem der auGe- 
re Durchmesser des Endstucks im wesentli- 

40 chen der gleiche ist, wie der Durchmesser des 

auGeren Schafts. 

8. Verfahren nach Anspruch 7, das ferner den 
Schritt des Aufblasens des Ballons aufweist, 

45 um den Ballon vor dem Anbringen des Stutz- 

korpers iiber dem Ballon zu testen. 

9. Vorrichtung mit 

- einem axial langlichen Kathererschaft (2), 
so der wenigstens ein hindurchgehendes 

Lumen (5) aufweist, 

- einem aufweitbaren Ballon (8), der auf 
dem Schaft (2) angeordnet und in Ver- 
bindung mit dem Lumen (5) ist, und 

55 - einem entfernbar angeordneten, radial 

nach auBen verformbaren und aufweitba- 
ren, rohrformigen Stutzkorper (18) ge- 
maB einem der Anspruche 1 bis 8, der 



Langlicher, zylindrischer, aufweitbarer Stutz- 
korper (18), mit 

- einem ersten Ende, 

- einem zweiten Ende, 

- einer Vielzahl langlicher Glieder, die ei- 
nen abgerundeten, nicht rechteckigen 
Querschnitt haben, der sich von dem er- 
sten Ende zu dem leiten Ende erstreckt, 
und 

- einer Vielzahl von Knoten, die benach- 
barte Glieder miteinander verbinden, 

dadurch gekennzeichnet, daG die langlichen 
Glieder und die Knoten einstuckig aus einem 
einzigen Materialstuck gebildet sind und daG 
der Stutzkorper ein im allgemeinen glattes au- 
Geres Profil aufweist. 

Langlicher, zylindrischer, aufweitbarer Stutz- 
korper nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Knoten (84, 86, Fig. 19) 
langs der Lange der benachbarten Glieder (80) 
so angeordnet sind, daG beim Fortschreiten 
von dem ersten Ende zu dem zweiten Ende 
jedes Glied abwechselnd mit Gliedern an sei- 
nen beiden Seiten verbunden ist, und daG der 
Querschnittsbereich jedes dieser Glieder nicht 
gleichformig ist, so daB fur wenigstens einen 
Knoten ISngs der LSnge jedes Glieds der 
Querschnittsbereich des Glieds benachbart zu 
dem einen Knoten groGer ist als an einem von 
dem einen Knoten entfernten Punkt. 
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koaxial um den Ballon (8) herum ange- 
ordnet ist, wobei der Stutzkorper eine 
Offnung an jedem axialen Ende und ein 
zentrales durchgehendes Lumen auf- 
weist, wobei der Stutzkorper durch Ver- 
formung radial in eine vorgewahlte Ge- 
stalt in Abhangigkeit von dem Druck des 
Ballons aufweitbar ist, 
dadurch gekennzeichnet, daB 
die Vorrichtung zur Beseitigung der Symptome 
der Hypertrophie der Prostatadruse innerhalb 
des Harnleiters eines Saugers bestimmt ist, 
und daB der Katheterschaft (2) eine ringformi- 
ge Ausnehmung (15) aufweist, die den Stutz- 
korper (18) aufnimmt, wobei die Ausnehmung 
axial an ihrem distalen Ende durch eine distaie 
ringformige Schulter (17) begrenzt ist, deren 
auBerer Durchmesser wenigstens so groB ist 
wie der auBere Durchmesser des Stutzkorpers 
(18) in seinem nicht aufgeweiteten Zustand, so 
daB der Stutzkorper (18) sich radial nicht uber 
den auBeren Umfang der distalen ringformigen 
Schulter (17) hinaus erstreckt, wodurch die In- 
nenseite der Harnrohre gegen Beschadigung 
aufgrund einer gleitenden Beruhrung mit dem 
Stutzkorper geschutzt ist, wenn die Vorrich- 
tung bei Gebrauch in die Harnrohre eingesetzt 
wird. 

Revendications 

1. Elargisseur expansible (18) cylindrique allonge, 
comportant : 

une premiere extremite; 

une seconde extremite; 

une pluralite d'elements allonges ayant 
une section transversale non rectangulaire et 
s'etendant de la premiere a la seconde extre- 
mite; et 

une pluralite de noeuds qui interconnec- 
tent des elements adjacents; 
caracterise en ce que les elements allonges et 
les noeuds sont formes integralement d'une 
seule piece de matiere et en ce que I'elargis- 
seur presente un profil exterieur generalement 
lisse. 

2. Elargisseur expansible cylindrique allonge se- 
lon la revendication 1, dans lequel les noeuds 
(84, 86, fig. 19) sont repartis sur la longueur 
des elements adjacents (80) de telle maniere 
que, de la premiere a la seconde extremite, 
chaque element est connecte alternativement 
a des elements situes d'un cote et de I'autre 
de lui-m§me, et dans lequel la section trans- 
versale de chacun des elements est non uni- 
forme, de sorte que pour au moins un noeud 
sur la longueur de chaque element, la section 
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transversale de I'element est plus grande a 
proximite de ce noeud qu'en un point eloigne 
de ce noeud. 

5 3. Elargisseur selon la revendication 1 ou 2, dans 
lequel lesdits elements (80) sont generalement 
paralleles les uns aux autres. 

4. Elargisseur selon la revendication 1 ou 2, dans 
10 lequel chaque element est connecte a des 

elements adjacents en au moins quatre noeuds 
repartis sur la longueur de chaque element, 
dans lequel les noeuds comprennent des 
noeuds terminaux, situes a la premiere et a la 
15 seconde extremite, des noeuds secondaires 

adjacents aux noeuds terminaux, et des 
noeuds interieurs situes entre les noeuds se- 
condaires, et dans lequel la section transversa- 
le des elements dans les zones ou ils se 
20 raccordent aux noeuds secondaires est plus 

grande du cote terminal des noeuds secondai- 
res que du cote interieur des noeuds secon- 
daires. 

25 5. Elargisseur selon la revendication 1, dans le- 
quel lesdits elements sont non rectangulaires 
et arrondis en section transversale. 

6. Procede de fabrication d'un catheter (2) com- 

30 portant un ballon expansible (8) place dans un 

renfoncement (15) a I'extremite distaie du ca- 
theter, comprenant les etapes consistant a : 

realiser un catheter (2) comportant un tube 
interieur et un tube exterieur concentrique sur 

35 le tube interieur, le tube exterieur ayant un 

diametre extirieur plus grand que le diametre 
exterieur du tube interieur, et dans lequel le 
tube exterieur se termine du cote proximal de 
I'extremite distaie du catheter et le tube inte- 

40 rieur se prolonge du cote distal de I'extremite 

distaie du tube exterieur; 

fixer un ballon gonflable (8) au catheter de 
telle fagon que le ballon s'etend sur le prolon- 
gement du tube interieur et que I'extremite 

45 distaie du ballon est fixee au tube interieur, et 

de telle maniere qu'une partie la plus distaie 
du tube interieur s'etende au-dela du ballon du 
cote distal; 

placer sur le ballon un elargisseur tubulaire 

so expansible selon la revendication 1 ; et 

fixer une piece d'extremite sur ladite partie 
la plus distaie du tube interieur pour retenir 
I'elargisseur sur le ballon, la piece d'extremite 
ayant un diametre exterieur au moins aussi 

55 grand que le diametre exterieur de I'elargis- 

seur. 
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7. Precede selon la revendication 6, dans lequel 
le diametre exterieur de la piece d'extremite 
est sensiblement le meme que le diametre du 
tube exterieur. 

5 

8. Precede selon la revendication 7, comprenant 
en outre I'etape consistant a gonfler le ballon 
pour le tester avant de placer I'elargisseur sur 
le ballon. 

10 

9. Appareil comportant : 

un tube de catheter allonge axialement (2), 
pourvu d'au moins un conduit (5); 

un ballon expansible (8) monte sur ledit 
tube (2) et communiquant avec ledit conduit w 
(5); et 

un elargisseur tubulaire deformable et ex- 
pansible radialement vers I'exterieur (18) selon 
I'une des revendications 1 a 8, monte de ma- 
niere amovible et dispose coaxialement autour 20 
du ballon (8), I'elargisseur ayant une ouverture 
a chaque extremite axiale et un conduit central 
le traversant, I'elargisseur etant expansible par 
deformation jusqu'a une configuration prese- 
lectionnee en reponse a une pression exercee 25 
par le ballon, caracterise en ce que I'appareil 
est destine a alleger les symptomes d'une 
hypertrophie de la prostate dans I'uretre d'un 
mammifere et en ce que le tube de catheter 
(2) comporte un renfoncement annulaire (15) 30 
recevant I'elargisseur (18), le renfoncement 
etant defini axialement a son extremite distale 
par un epaulement annulaire distal (18) dont le 
diametre exterieur est au moins aussi grand 
que le diametre exterieur de I'elargisseur (18) 35 
dans son etat non expanse, de sorte que I'elar- 
gisseur (18) ne s'etend pas radialement au- 
dela de la circonference exterieure de I'epaule- 
ment annulaire distal (18), evitant ainsi d'en- 
dommager le revetement de I'uretre par 40 
contact glissant avec I'elargisseur quand I'ap- 
pareil est insere dans I'uretre pour son utilisa- 
tion. 
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